Asymetrical Layout Structure for ESD Protection
TECHNI CAL FI ELD [0001] This invention rel ates
generally to electrostatic di scharge devices, and nore
specifically to obtaining uniformty of current flow
in a grounded gate nMOS. BACKGROUND [ 0002]

El ectrostatic discharge (ESD) is a phenonmenon where

el ectrostatic charges mgrate froma non-conductive
surface via a conductive material. Since an

el ectros | j I ui ' t he ESD
can easi ﬁfggﬂnéggteé#%%ys@gﬁ%gfg%fn roéﬁgﬁg'g’gﬁ‘btb%nt s
of an_ integrated circuit. For exanple, an
TECENIeALJHERYi ¢ vol tage from hundreds to thousands of
volts can be created on a human body wal ki ng on a
000021 PetnivAd&Tiof rdihe | | gl lle more
oo an 10, 006 v crfPt H el LT & é‘%f%v‘ig‘é‘ﬁ?@r and more
iEELIRL Bl it i AL E electrostatic voltage.
opeck r%ﬁw} hunrg}r}'gdcgs 0 fﬁoﬁfzcg%rggt r% W (P graungds; gﬁ%“#péat ed in
machi nes for packaging or testing integrated circuits.
BACKRH®IQHEe. When a human body. or a machine carrying
el ectrostatic charges contacts a chip, a large
transi ent ESD current is generated, damaging or
10062 est ibyrimgatichischadze GESD)E a pherutichon et BRcrdhliP charges migrate
.[0003] To protect the integrated circuits from belng
from d anmgeiubyvesSiceES caiduas A Snce @h cLORAUEL i B usually
- ESD current to ground are incorporated into the ' '
quite hizhetye B5BGag ksl dlufiagehOUMIRLe alBdtRer NYRRod FOWM R tegrated
devi ces are commonly used in protecting circuits.

circ.uii[;. ?‘Pgﬁarngbtléé gﬁ’ F%@Esg%e leﬁte %%%}egg k! Alshbds SPdits' Bn be created

on & human body walking on a carpet under a higher relative humidity, while more than 10,000

volts can be created under a lower relative humidity. Also, an electrostatic voltage from hundreds.

to thousands of volts can be created iri machines for packaging or tésﬁng Integrated circuits.

'Iherefore; when a human body or a machine carrying electrostatic charges contacts a chip, a

 large transient ESD current is generated, damaging or destroying the infegrated circuits on the
“chip.
‘ .[0003] To protect the mtegrated cireuits from béing damaged by ESD, ESD devices capable
of conducting an ESD current to, ground are incorporated into the integrated circuits. Grounded
. gate NMOS (GGNMOS) devices are commonty used in protecting circuits.
[0004] A typical GGNMOS ESD protection.c'ircuit 1s illustrated in Figure 1. The ESD
‘prdtectiqn circunit includes a GGNMOS 8 for protecting the circuit 6. The gate 14 and source 12
- of the GGNMOS 8 are coupled to the power line Vgg 4, where Vgg is-typicéﬂy _grouﬁde& Under

- normal operation, GGNMOS 8 is turned off so that it does not affect circuit 6. When an ESD



"protection circuit includes a GGNMOS 8 for protecting
the circuit 6. The gate 14. and source 12 of the
GGNMOS 8 are coupled to the power |ine Vss 4, where
Vss is typically grounded.. Under normal operation,
GONMOS 8 is turned off so that it does not affect
circuit 6. When an ESD | transient occurs to the
circuit 6, the GGNMOS 8 is turned on, and the ESD
current is conducted to Vss 4. In order to conduct a
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sustain a | ow ESD _current because all portlons of the
dm@@%élﬁc%ﬁwo%% ispifiatls i ympltipleeingsipady) eitadt hasdegnefound that a
stress. Chly portion of the | arge-di mensi on GGNMOS
GGNMO$ with @ Late lagowprassd o irrcabgpiceulimension may anlnewstaingg low ESD
the portions stay off.during the ESD stress. [0005]
cunppighgeauso alt portigns ofites CENMIPS vinnnt losf unifouniyremed-omdiring the ESD
GONMOS. Only one finger is shown with a gate el ectrode
'ShE$8Chﬂyaﬂn@mnlqﬁmpkngeiﬂumnmmmaS@&ﬂﬂﬁﬁbmnmgtdmnﬂihﬁﬁHNhuESDcmmzng
pl ugs 26, through 267 connect to the drain region 14.
but Aosteifdlie gortivers 28y offineiag thediSD) stresd. de cont act plugs 261
t hr ough 267 to the circuit being protected-. Contact

-l ugs ough 227 connect to.th r regio
- toody LG Wﬂﬂ?@e%me S EE ot N UCS 90 e Heer i
227 .10 the mg pi ck-up. reglons 20 and 21 that are
shoyp 24 @&%31{3% ettig d5rn TN aed e peEt saien 19 ontachiplngs 26,

pi ck-up reglons 20 and 21 are typlcally grounded
through 267 connectto the drain region 14. A metal 28 connects drain side contact plugs 26,

through 267 to the-circuit being protected. Contact plugs 221 through 22y connect to the source
7 region 16. A metal line 24 couples 'contact plugs 22, through 225 to the p-well pick-up regions 20

and 21 that are located at the ends of the gate electrode 18 P-Well plck—up regions 20 and 21 are |

- typlcally grounded. -

{0006] Mulﬁple contact plugs_ divide the source region 14 and drain reg,ioﬁ 16 into sub
regions. For simplicity p;nposes, each sub dréjn'region and sub source region is referred to as tﬁe
contact plﬁg numbgr next to it. The GGNMOS can be treated as sub nMOS transistors 32;
tﬁrough 32; connected in parallel. Each sub nMOS transistor 32 through 32 is formed of a deain
: ?61 through 26 a gate electrode 18 and a source 22, through 224, respectively. When an ESD }

current occurs, it first flows from mgtai line 28 to contact piugs 26y through 267, then to the sub

- - transistors 32, through 32, that are turned on. The ESD current then gbes through contact plugs

- 22; through 227, then to metal 24, and finally to p-well pick-up regions 20 and 21. It is tobe




[ 00061 Multiple contact plugs divide the source region
14 and drain region 16 into sub regions. For
~sinplicity purposes, each sub drain region and sub
source region is referred to as the contact plug
number next to it. The GGNMOS can be treated as sub
NMOS transistors 321 through 327 connected in
_parallel. Each sub nMOS transistor 321 through 327 is
formed of a drain 261 through 267, a gate el ectrode

noté@t][%ﬁtrlgzsﬁessﬁk‘ E@Serd Adwing O he %2&&11 1 (RS RREL of Bhot tra%m re is also

current occurs, it first flows from netal
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32plck up regions 20 and 21. It is to be noted that
'vesides the current flowing fromthe drain to the
source of each transistor, there is also a substrate

[00@hr r erRigdrt BiuaGatas a aBinieRnlie HodeNtos e GRansSshein B ¥gure 2
to transi stors 325, 326 and 327, and a substrate

Each 6f iR 3l frhu@ditd?g 33! thdugh BEQﬂﬂlsﬂﬁteﬁthgﬁx'éQ ik dBsies Gf¥alent
to transistors 323, 322 and 321 [00071 Figure ggbjﬁ =

circtit UOShfARLE ﬁOﬁChEﬁMEﬁﬁén%ﬁ 4b1( 8 5N in %1&1%&%/9& circuit of

shown in Figure 2. ach of the sub transistors 32

the GONAUEE n3cdhn ﬁ—k*ﬂ%&%} qrhic i foglﬂgc?%ﬁkélﬁ@ gﬁ)@ﬂ g@) g%nc%fh) The

equi valent  circuit 401 t rou rcurts
78 E%Eg% araII |v
res%tp{sc (s @1 Gr% %rg ﬂ‘éﬁ% rgssls 410 r?f BCA]CBI tﬁ éﬁ% L e ! rllﬂﬁ.ﬂel
I S forned f #? ubst e % .SO é
el AR & 4 Tl iR Figtalid: 5&?@% gws&ﬂg?ﬁe gubstat or
of ver.tical th (fr to nnel_ bet %P
dire Qi RO RS oI FAPER. eélsf%%ﬁﬁféglﬁ ey e e e substate
- .dlre%io fron1 ate to substrate or dlrectlon mhlch
resigiance from the despisybyiafdp fhe nwell Bicks rerinys. Whemaohorsgbizs
are the | ateral_ substrate
occurs, it is dlstnbuted to circuits 40; through 405 and sunk to ground at node 4. As discussed in
Figure 2, the ESD current Ipgp also goes through substrate reststors Ras, Rz and Rog to
ground af node 4. It is_a_pp:_:'eciated that sub transistor 324 has tﬁe highest substrate resistance
“since it is furthest from the ESD sink point 4. The substrétc resistances induce a voltage drop on
the substrate 2. Therefore, the sub transistor 32, is likely to be furned on earlier than any other
transistor. Similar analysis reveals that transistors 111 the center are more likely to be turned on
earlier than transistors at the ends.
[0008] Turning on sub transistors at différel_lt times causes current crowding. At a lower
- ESD cuzrent, only sub transistors in the center, such as transistors 324, 32; and 325 are turned on.

~When current increases, from the center to the end, more and more sub transistors are turned on

-until at a certain tilne.all sub transistors are tumed on. I_t_is-noted that even when all-the sub




resi stance fromthe deep substrate to the p-well
pi ck-up regions. When an ESD current | ESg occurs, it
is distributed to circuits 401 through 407 and sunk to
ground at node 4. As discussed in Figure 2, the ESD
current | ESD al so goes through substrate resistors R -
b3, Rsub2 and Rsubl to ground at node 4. It is
- appreciated that sub transistor 324 has the highest
substrate resistance since it is furthest fromthe
ESD sink point 4. The substrat esi st ances i ndyce a
ransgpts 5y G SR HPHEOS GHET PSP SRR Gt g Sptrs g ends so
transistor 324 is likely to be turned on earlier than
that they SHAYE Prope $HdAM9ESr . Sinil ar anal ysis_ reveal s that
. transistors in the center are nore likely to be turned
0009 EB drli§'to {hiRbvel th&BRSH Rl &F sadh 4 BEze AHSsioh PAFUOS, the multiple -
urning on sub transistors at different tinmes causes . '
] b v i Abgerdinfto SkPe ESD current.
L e o el i
G - .
- it igehs Bt AFinliors of B8 e lod GERRROE S ey
e turned -until,..at . A L [ .
rornf G ARR BRI el SEIMOS bl e e Bl Bt s vt
all -the sub 3 transistors are on,. the cent . :
Therpfogs, Shes s e ek fooHBYmep i iy o Mulblergud transistors of the large-
. .transjstors at the ends so that they are nore prone to
dimegsign SIONMB§091 I n order to inprove the ESD | evel of
such a large dinension GGNMOS, the nultiple fingers
~of the large dinension GGNMOS have to be uniformy
triggered on to share ESD current-. If all the fingers
and the sub transistors of the |arge -di nensi on GGNMOS
can be uniformy turned on during the ESD stress
condition, the GGNMOS can sustain a nuch higher ESD
| evel . - :




Therefore, there is the need to achieve uniformty
anong the nultiple sub transistors of the |arge-
di mensi on GGNMOS. SUMVARY COF THE | NVENTI ON [0010] The
preferred enbodi nent of the present invention presents
a sem conductor structure for electrostatic di scharge
protection [0011] In accordance with one aspect of the
present .i nvention, the sem conductor structure
conpri ses a grounded gate nMOS (GGNMOS) having a
substrate, a.gate el ectrode, a source region and a
SUMMARY r(#OTIAE INMENITIMEI i ty of contact plugs is forned
on the source and drain side- A plurality of first

[{lﬂwjvel uggetfé = eI fc:) 1£neﬁfa stJ ﬂ%%%rf:seg Yen:ﬁgg] Bﬁfen]g;\:l‘teﬁlécongucqor
our and dra n.re |ons A second | evel via(s)
_ -S““P%‘mr%ﬂ?*s?f’?fﬁ%‘:%%“ FFYEHP™ o the desired first |evel

vias. [0012] The present invention provides a novel

JOOHH] I uC i kR oRiakkcrEtHGOE akseci BIPhOMEsehii@ventdion, fied Jirlidon@hctd structure
GGNMOS. By nmaking the sub transistors turn on nore

comiphisdsOf gbihded Bifte AMEISAGAAMOSTRAd g RAbstaie, b B BEORRAR! a source
‘invention makes the ESD . protectlon circuit nore

- regibh kA &R re Gg-E&L A f)lﬂrahEyLHf '&oﬁtﬂ&% ?9&?% ﬁ&&d%%?é&%ﬁi@@ and drain side. A

. current and vol t'ages, e GGNMOS can be nm
P‘“"ﬁ'@"’kﬁ%%eﬁ%“%%% @%‘%‘%ﬁyg %ﬂ?té %t%?’ﬁﬁﬁ%%&&%#
asyxl?lg&nﬁm\é\’ resen esiorll{s%nﬁ?ona m)rl%f Vé?]v %@r %Erau Fe ESD
mﬂ%@ﬁ%ﬁgqﬁ Bﬁ?%ﬁ%? E%sm:?ht?ﬁefoLIOMAng descrlptlons
foo12] - The present invention provides-a novel structure and methed to imp‘rove the
-. umformlty ofa GGNMO.S. By making the sub transistors turn on more uniformly, the'.préférred _
embodiment of the present invention makes the ESD protection circuit m(_)‘r.e efficient. This in
turn improves the breakdown current ,andrvoltagers, and the GGNMOS can be made smaller,

" therefore saving 1ay0u"c space without sacrificing protection ability.




acconpanyi ng drawi ngs, in which: [0014] Figure 1
illustrates a typical electrostatic discharge
protection circuit using a grounded gate nMOS
(GGNMOS); [0015]. Figure 2 illustrates a top view of
‘one finger of a conventional GGNMOS; [0016] Figure 3
illustrates a transm ssion-|line nodel for a _
conventional GANMOS; [0017] Figures 4 illustrates a
top view of a preferred enbodi nent of the present
“._invention; [0018] Figure 5 illustrates a

BRIERD DESCREF TIONOF \HEPDBA WG Sr ef err ed enbodi nent al ong
line A- A in Figure 4; [0019] Figure 6 illustrates a

R e e S B S A S R

‘ iall .0f the ef err,ed.enbodi nent. havi ng-.vi a .
thelbBE IRl B ol PP T R eSS B i Pl on withthe
GGNMVOS having one, p-wel | pick-up region; [0022] Figure
‘mmggp???ﬁgg?gP%§”bwhéhbodinent of the present invention
havi ng one p-well pick up region; and [0023] Figure 9
[0034foWs Higrme ¢ ilfuseatts 4 ﬁpﬂ:a%aﬂ@di@:b%%@ %}théuﬁoﬂfzir&fi‘ﬁm a
vol t age applied. DETAILED DESCRI PTI | LLUSTRATI VI
 gromBORhYEMTS AR0RKHMbDS); The maki ng and using of the
presently preferred enbodi nents are di scussed in
: ﬂﬁtail, bel ow. It shoul d be appreci ated, however, that
001 prFisues¢ dusiaten a i9n viswoot ane Sngenef a aprplentions] GGNMOS;
inventive concepts that can be enbodied in a w de

[0oy@r i etpypued 3 ARGEd S z&rz&:%is_@?&h—sime 80 dnlvSational GGNMOS;

{0017] Figures 4 illustrates a top view of a preferred embodiment of the presé_nt invention;

-[0018} ~ Figure 5 illustrates a cross-sectional view of the preferred embodiment along line A~.

* A'in Figure 4;
[0019] Figure 6 illustrates a cross-sectional view of the preferred embodiment along line B-
- B'in Figure 4;
[0020] Figure 7 illustrates a variation of the preferred embodiment having ~via groupsé -
[0021} "_Figure_sa illustrates a prior art GGNMOS having one p-well pick-up region;
[0022] Figure 8b illusf;raies an embodiment of the present invention haﬁng oné p-well pick-
up region; and

- [0023] Figure 9 shows the current in-a GGNMOS as a function of the voltage applied.




enbodi nent's di scussed are nerely illustrative of
specific ways to nake and use the invention, and do
not limt the scope of the invention. [0025] The
preferred enbodiments are illustrated in Figures 4
t hrough 9 wherein like reference nunbers are used to
designate |ike elenents throughout the various views.
and illustrative enbodi nents of the present
invention. Figures. 4, 5 and 6 illustrate different
-views of the preferred enbodiment. Fiqure 4
DETAIESPEaERY FWJ\J@T&AE@E%EMBQI&?EMS is formed on
a substrate. A gate electrode 18 is forned on the
0024921 © T BlaRinbah& ulthd F the PreSin@l bRfert 4R en@ BRUMiscussed in detai
[ ‘%.069n1to Og4gn1aﬁ% a p?%fgkggd &#ﬁth of gﬁout'l%ﬁ% in detail
. - Vbr, ref he R
o, 800 SO 015,01 1 ) o b5 SR e BB ) it
. bout 1.0pm to out ..60pm_ The . el.ectrod 3 is.
 imvenf} ey BR8P M 0P vl P RS B RERRRAR. i s
: reqgions 20 and 21 | qgcated a t ends of th afe. .
emboliFRoR Eretsos o iy B ivai ppootR P Seteand RS pyention.
. is coupled to hath pick up regions 20 and 21 for a
*mdd%EWﬁgwgﬁPéﬂﬁﬁﬁggp“ﬁ%ﬁ?ﬁck-up regions 20 and 21 are
o preferably doped- . well pick-up regions. Preferably,
- 0025} he Fhéfrefirel @abOdiEeRE 2R luskhied HEFGNRY A 4B6AIVRAGN like

conprises at |east 3 -connection points such as via

refereAQ MBetd10e Bel 48 desiRbR Hik Blefients Trrb@btGhdvarbeiSwedg 6

. ‘connecti on polnts connecting ground potenti al s on each
sy Bl lad QS A0 b s . 8 L BB viowsof
- e e B AL U bl BAL BB AR
suboeada¥ ol s g SRR AR B el Rl o
006 oo RS oo SR B i b e e

length is betweenﬁ.lpm t0-0.3um and the gate width is between about 10pm fo about 60pm. The

- gate electrode 18_ is pr;:ferably coupled to at least one of the pick-up regions 20 and 21 located at
two ends of the gate eI_ecﬁode 18. More prefefably, the gateelectrode 18 is coupled to Boﬁ pick-
up regions 20 an%l 21 for a better grounding. The pick-up regions 20 and 21 arc prefgraﬁl'yfdb_ped-
_ﬂ-re]l pick-up regi‘ons. Preferablf, the pick-up regions 20 and 21 are grounded and each :c.:oﬁ;-pti}s_es
at least 3 -éonnection points suci1 as v1as connectmg ground potentials. In Figure 4, there a:é 6 |
connection points connecting gréuﬁd potentials on each .of the pick-up regiené 20.and‘21; In the

: pi:efem.d embodihie;lt, the pick-up regions 20 and 21 are p-well pickup regions and they will be

- refcrrcd to as p—weﬂ pick-up _regibns 20 and 21. In éfher gmbo-dimenfs, they are n-well piﬁk—ué
. _regions. The details of fonning the gate electrode'lfi, dram region 14, source région 16, and

' dﬁped pick-up regions 20and 21 are well known in the art so that they are not repeated herein.




[ 00261 The present invention is related to an

asymmetrical |ayout . of openings on drain and source

si des of a GGNMOS device for inproving ESD
performance. The asymmretrical |ayout of openings may

be contact plugs, via openings or trench openings,

where in each case, the openings are filled with
conductive materials. A preferred enmbodinment is

described in Figures 4, 5 and 6. As shown in Figure- ‘

[GOZEI, aC O'?ﬁegér?e%: Snti%|n6_. s re{'Eeﬁlﬂg ! %g%ggeﬁgcff ﬁzcglt gg{?te g?gn drain and

sougegrds,pt 8 GANMOS oo % ooy %”r*mpm %é%éﬂe%&ﬁ%ﬁ layout of
| evel via 50 couples the devjce tecte

operbagnay GesoBRTTS: GoaPANES SoBOTHOBHIESC ST i [

- metal 58 (not shown) . Source cant act 5 I

operigseughllviteadedsivp mateiels- 4 Pl e AT ?Sae%edt%ﬁgms 4
the mddle of the gate. Via 54 is coupled. to

5 ang 6uhs $hopingk Figure b gpwans phgs afifhrryeh Frereronpad FOdhe 6@%%@ 14.
vias is typically related to the technol og For ‘

Firstdxeebplae 52 i and 3218¢ tonpladah thsl dogjy sidg centpos plug@zfe threpgha267 by a first
second |l evel via preferably has a length and a width

leveDiheabSdAnofshab). oseadidieveD viapheotpies thedgyicebeing prptected to two first
enbodi nrent, the vias 50, 521, 522 and 54 are forned

levePYa@5@hd smgw@mmﬂaea Rietit 68 §not Klioval) tSenrce contact plugs 22,
enbodi nents, vias can be fornmed using a plug process.

" througtOH? 4k dolpied 881 vik 94 R¥Eb&L0sd 1 eheshiddllofl @ gaf. V&4 is coupled to
preferred enbodlnent in detail, cross- sectional views

the [gr}ve{f LKL rEeifiSo0l | ahl1 98, t”ﬁ@tcﬁlﬂeﬂs{bn%'f B idtypiodiyielalet @i ihe

Ustrates a cross- sectional view of the preferred

: : 0 PI46& ofts sdcBid 1SV Ral pfedféribly b
oL TE L ARl ™ HUL8 o EBESTRl it

ol O PR L2 Mg R g,

He art Tecoghi ey can be in

' 524, %E‘.I afnedrﬁ%l are olma1gc§ by a we —gnv%’]mil Cri]ﬂmﬂg&glg rp?océSs. Mﬁltﬁei: Bhﬁod%n@:{té? vias pan

be formed using a plug process.

[6027] In or&cr to explain the structure of the pre;'erred embodiment in detail, cross-

| sectmnal ﬁews of Figure 4 are illustrated in Figures 5 and 6. Flgure 5 illustrates a cross-secuonal
view of the prefen:e@ embodiment along fine A-A" in Figure 4. For simplicity purposes, the
contact -plu‘g's. 26 through 267, and the vias 52,, 52; and 50 are shown as in one :plan.' Ope slciﬂed
-in the art will recogpize th_at'_they can be in different plans 'aé"shqwn in Figmf’:. 4, Mﬁlﬁple drain
side contact plugs 26, through 267 cpi;lple the dram 1{_1 of theGGNMOS to a first level metal 56. ‘
The width of tbf: first level metal 56 is preferab"ly about 0.4pm to 3 pm. Typically the contact |

" phigs 26, through 26; are distributed evenly. Two first level vias 521 and 52; located at the ends -

~ of the drain feégion 14 connect the first level metal 56 to a second level metal 58. The second




tide contact plugs 261 through 267 couple the drain 14
of the GONMOS to a first level. metal 56. The width
ofthe first level; nmetal 56 is preferably about 0.4pm
to 3pm Typically the contact plugs 261 through 267
are-distributed evenly. Two first |level vias 521 and
522 located at the ends of to drain region 14 connect
the first level nmetal 56 to a second |level netal 58
The second 8 level netal 58 is then connected to a
. : i Soaf rcuit., .. -
level Ie A @Q 14 ﬁé’x?&on)ﬂé%e_&%ﬁtesgﬁc_lt[ﬁvg?ﬁg Bb ﬂgt & %miﬂ%i t§ le tcyrﬂ‘,{te being

. Ing “protecte arge curr
o G b G g
e L A S s i
oy i e e S et Bt

. one enbodinment, the first |evel vias conprise two

than the gambe o4 seand levelaéas Snkn e emhedigrent fre dirsy kevelvinscamprise two

. .second level vias conprise one via on the middle of

vias logatedginglaph eidd thedsaig isisigand herspepud devel viswsompriteahe vialoh phe
for ESD performance, the I't and 2d |level vias may

middle g€ thegionp sids.as ahowrsindtigurt f ddorsei paeferablyt facESID pérformante, the 1%
The enbodi ment referred to in Figure 4 conprises two

and 2¥'ilewet vieemay cachabmarisk 20 hesishee s betheldrain side. Mk emSRiment
performance can be inproved if nore vias, for exanple,

referrétbtodn Fhfire 4 borg@iseine it lea viah endlbi@isecosd #eelfval bt EED
first-and second | evels. [00281 Figure 6 illustrates a

. perforefa@6S cheelim@roakd Minfie Ofs, bieexBinBleOmhb:R a8 TRes hABRE oAhe Blin
' line B- B 1n Figure 4, which is on the source side. _

' side folthd ER% SndVeadga 1&@N act plugs 221 through 227 coupl e
the source 14 of the GGNMOS to a netal |ine 66. Mtal

_line_ 66 is:preferably a first level netal - A :
{0028] ‘Figure 6 illustrates a cross sectional view of the preferred embodiment along line B-

B'in Figure 4, which is on the source side. Multiple drain contact plugs 22, through 22; couple
the source 14 of the GGNMOS to a metal line 66. Metal line 66 is preferably a first level metal
althoughr if can be formed at thé same time as other levels on the drain side, such as the first level
metal 56. There éu_'e also first levél vias 54 coupled to the first levél metal 66, a second level | |
.m'efal (not shown). coupled to the first level vias 54 and second -Iewvrel vias (mot shown) coupled to
_ the second levei metal. The metal _h'ne 66 is coupled to p~well pick-up regions 20 and 21. It is

7 pr;:fexre_d that the first level vias comprise at least bue Via on the sburce side. In one embodim;éﬁt,
the first level vias coinﬁr‘ise_ t-mia on the middle of the soﬁrcie sid;e. Moré preferably, to im'pro.ve
ESD pe_rfofmanée; the first level vias comprises at lcﬁ two vias on the source side. In the
pfgfélred embodjﬁient of the prcsentinve;ﬂtiop; to improve ESD pélformance, the number of vias

- comprised by the first Ievel vias are asymmetrical on drain and source sides. The asymmetrical




~although it can be forned at the sane tinme as other
levels on the drain side, such as the first | evel
netal. 56. There are also first level vias 54 coupl ed
to the first level netal 66, a second | evel netal (not
shown). coupled to the first. |evel vias 54 and second
| evel vias (not shown) coupled to the second |evel
nmetal. The netal line 66 is coupled to p-well pick-up
regions 20 and 21. It is preferred that the first-
~level .vias conprise at least one via on the source .
layout ofeviasi g BgeruERASHidrAn pides athalse preforred dardhe sppend level vias. Also, the
conprise a via on the m ddle of the source side. Mre
- numperfajagigmshe drain; siderase prefegbhpapredhsndhe sumbdrof vias gn the source side
: | evel vias conprises at |least two vial on the source
at thgfsgjee levgl t he preferred enmbodi nent of the present
~ -invention, to inprove ESD performance, the nunber of
o245 CHAPRER e Bty 5L YLD Ko B s gt i
T g ' I f . vial he soufc nd drai.n . .
the FRY SHERLE {octa)o v?as ﬁg?ﬁe&r Srlg at 8}11{1%&’ &m Grait ll"*_iee @%I? current ﬁows in gletal

sides are also pr € Secon
% er ,of vias t he ain side are : L
'56ﬁ§$% %?%%??ynﬁr% ‘ %%E?ﬁgxﬁﬁﬁﬁggﬁﬁéﬁﬁﬁﬁ?i%?#@ﬁ?%%ﬁ?@%ﬂﬂhm”s
. side at the-sane, |evel [00291.Conpared-fo the prior
propgsp Ryt el iell OFing RERLgs, e o hnoh it e Pt ot egisars 32 and
33 Q%E;ZUtin%? %He ESD current to twy vial 52, and 522 at
327 ayihe vgrst reethey e slosrstivgiassp wih Yenthermesils Girpsistmeaincreases for
... 56 fromyvial 52 and 522 to.sub transistors 321 A
transisiory dgsnS B 2ad 3% dyedo thsanste dins Fetstaacofietweawspatact plugs 22 gand 22,
iﬁgoporﬁronal.to_the length of the netal line, the
and 22 ands 2 nkeeny trangiston B24 p ransgort 3, matalpiredisiameesGilsp ingrense. Lower
" . 327 are the |lowest since they are closest to-vias. 52
- metapfyegptpnceguses thetsyb raGisters B atand 8@ fomaore likadg bé bumed on first
transistors 322, 323 and 324 due to the nmetat line
becaysg spizend fow hae high eassivlity de flowltrgeeh20lowarnmsi@amte path. This
Counteracts the effect discussed in the prior art where the cenfer resistors are turned on first.

'Ihgrcfore, the‘ preferred embédimel_lt of the -pr&sgﬁt invéntion bas a more uniform tulm-on-froltage.
_ '-Iﬂﬂ:?;ﬂl - - Also, there is.another effect that pos'sil‘)_Iy' qontribﬁt@c to the uniformity of the turn (;1_1
voltages, although it has less effek;t than the one discu‘sséd in the p;eviQUé'paragraph In Figure 4,

| the sub transistor 32 has a relatively low drain substrate resistance because its drain is close to

_ the via 52';. Ithasa r_eléﬁvdjr_ high source substrafcmsxstance becaﬁ_se the contact plug 2;21 is‘far
away from the vig 54. éoﬁvérsely,- the transistor 32, has a relatively ﬁgh drain substrate -

. zesistance becarsse it§ drain 26, is far away from: the via 52¢; while it has a refatively low source -
' substratc r'esi'stagce because the contact plug 224 is ciose to-the via 54. '-f*he transwtem 32; and |
32; have moderate drmnsubsimte resistance and source substrate resistance: '_I‘I;xe combination (;f

. dralp subsirate resistance.and sourse substrate resistance for transistors 32, 325; 3% and are- -
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and 223 and 224. Fromtransistor 327 to trans
ator324, netal 56 resistances al so increase. Lower
nmetal 56 resistance causes the sub transistors 321 and
327. to nore likely be.turned on first Dbecause '
current - flow has high possibility to flow through a
| ower resistance path- This counteracts the effect
di scussed in the prior art "where the center resistors
are turned on first. Therefore, the preferred
closg ridhereoitago firophmdpeed sentlosenviemiar ommchapna candrealrawm foosutn
tumon-voltage. ..[0030] - .Also, there is another
" transiftds G5, BRg B2 p 0z efotey recaarnging uhicadischarglidpesumant goiugi ity ti@fdrain of
the turn on voltages, although it has |less effect than
the GORMOShaki 164ut88 € nof-uhifenityshad bypkr afktediresisthice.
Figure 4, the sub transistor 321. has a relatively

~low-drain substrate resistance because ,its drain is. _
[0034] o o it 7 ¥lustiptes assiatiqnof _rsfké B 5B ?f%ﬁ“ﬁ“‘h& G¥ rolid £SD
substrate resistance because_ the contact plug 221 is i
- currgud is highy 94 e Vi UIpRSTS Ap Q18 AIneer s gretsBey viag ﬁ‘g St afasiud o6 can be via
324 has a relatively high drain substrate resistance '
groupe baipgempktiplegiag hhomunbes of wes depagdsiandiemt echaugreg zach via can
while it has a relati vely | ow source substrate _ '
- safelyeoidicince because the contact -plug 224 is close.to: -
the via 54. The transistors 322 and 323 have noderate

o] 2 RS BTG, 816 BSOSO o rin2
con S HB55 L AL S 38 2058 L e
L L P NI N S T

326, 327. Therefore, re-arr ing the discharging .
be g WSty SRigSH FhGet FRo v 1B otz e TRRIBET frado be more prone to
reduced the'non-uniforni%y caused by the substrate
<

failupce §p Spunieract tip ofiact. srdrginmide 714 32 if slapeft rearost thawaniact plng ¥, and is

the preferred enbodinment. If the potential ESD
connected to contact plugs 26, through 267 through a metal 56, as shown in Figure 8b. A source

side via 54 is placed nearest contact plug 22;. The source side contact plugs 22; through 22; are

: -coupled fo via 54 through a ﬁetal,. then to the p—wéli_pick-up'region 21. The sub transistor 32
hias the lowest metal 56 resistance -cau-sing it to be turned on first. This coﬁnteracts the substrate
rresnis’rznce effect, therefore the transistors 32, through 32; are turped on more uniformly.

| [0033] - Ina typlcal layout of thg GGNMOS usmg t_h;a present invention, the GGNMOS_,has _
i "mulﬁple fingers. Fora la,youi using 0.13pm technology, in order to sink an ESD current of about
‘(_s_;ae-.te th amps at humaﬁ body n‘iéde (HMB), a GGNMOS preferably has a totalllength of about
.' 720;1111 and a width of a [ittle grégfer,ﬂ;ag about 30pm. Each gate has a preferred length of about
02;1111 and a pfeférrcd width of abou‘t‘ 30pm. The source and drain regions on each gate are

. ‘within an active region in the substrate. The active region has a preferred length of about Tpmto .
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current is high; or the via nunbers in one finger is
great, then vial 50, 521, 522 and 54 can be via
groups having nultiple vial. The nunber of vias
depends on how nmuch current each via can safely
conduct. [0032] Figure 8a illustrates another prior
art _If there is only one p-well pick-up region 21
coupl ed to the source side contact plugs 22, through
227 through a netal line 57, the sub transistor 321
- aboutHApm frel thorg Ipefératdy bistur fire td Sous3 AN e aitve eegidn Hasa preferred
furthest fromthe ground 4, and it will be turned on
widthfdf abdut T ESDoaure0amt sl oo iprederatily aiedut D@ﬁﬁt@&bddﬂ 80um.
transi stor 321 to be nore prone to failure.

0034] o S s S e e o bl ey 2%@'@5 e
i) APl o 58 e ek o ek 52 e

r est a 22 The S|de contact . -
neede&e%g ot GBS SrEgaobEoh GogFe A L i Saare
: en to t |ck region 21. The sub

typicaly shaishy b G4 e, ESDRurtrasinBrhurble (Sl Sioea e o
causin |t to be turned_ on flrst This counteracts the
GONM(5hes dhelepsddily eusrraonstiiaciceds toigareflgpisalivhior 4 3m teshnplogy,
' . 321 through 327 are turned on nore uniform [ 0033]
32 vias qn gaghyaSithe-source jasl draig sidenare arguRi®r dischrgeingide éﬁ@s:émnt
invention, the GGNMOS has nultiple fingers. For a
[0035] aY Otthe MPprRGmBnibd Ml RGEAA SWbdinkddr OF tgceﬁregeﬂt iSvettorfiR itf ted

current of about one to two anps at huhan body node

in FlgM%b FRufEINMERs ik elued Rl YGBRALES hOJ AbcdofIBED v @Eﬁ@ Q@gﬁﬂ Line

720mand a wdth of "a I|ttIe greater than a

61 is BRR Igﬁﬁteof%g,%@n@a g&ut 1 6l 695 AORMes Qf&gf},%%e&‘

preferred w e source an

embo&lﬁlgﬁtoﬁgth%]stsea?&&%ﬁ@;t& dH e @GW@S %{hv()elfi gl%c%gology. The
he substrate e active region a prererre
convehiSdf GGRE/I@@ R&é a bl'ea@@osvﬁ voltage at point 64, or 2.65A, while the p_reférre‘d'
embodiment of the present invention has a break down voltage at point 66, or 2.90A. The results

- are shown in tabie 1.

TABLE |

IF2 +HBM MM

PriorArt. - 2.65A 25KV 100V
. Prosent Ivention ~ 29A 40KV --225V

It is noted that besides the [T2 breakdown voltage improvement, the highest voltage $ustained is

. also improved s'igniﬁcantlyh In buman bo_c_l'y mode (HBM), the highest voltage 1s increased to
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11 about 10m and nore preferably about | pmto about
3lim The active region has a preferred wdth of
about 10mto about 100m and nore preferably about 10m
to about 30pm_[0034] Since the ESD current is
distributed to multiple fingers, the nore fingers the
- GGNMOS has, the Iess ESD current each finger needs to
carry, hence less first level vias 52 are needed For
exanple, if a GGNMOS has 15 fingers, for each finger
- 4.0xWdorfthe mtsehemedntion &emB25iaf for tHey piveatidnal 6GDMIDS. IAh&6hine mode
~since the ESD current is distributed to the vias, the
(MND/ the highst eoltagEMboteabaistp 205 forltisSiteseShepititn R 100% for the
via needs to carry. Typically, for 0.13mtechnol ogy,
cony2ntionalSGH@NMERCh of the source and drain sides are
enough for discharging the ESD current. [0035] The

[ t of t f. d enbodi he i t
OO R L S SRS SR il BB
_.Lhe. [ GE\MOS f ti f the volt ‘
o 1 B 35 S RS 8 o o 5 b B

GCONMOS and line 62 |s .the test result of the
ProfepUqne ey is “é%ﬁ‘ﬁam“‘rred‘?}f@ms f 1y ey impegves (e Frgatedon cavent prd

i GGENMOSs ge w th 0.13pm technol ogy. The : o
: Vd@%ff-“rv@}ﬁ‘tthf‘c';a PNMQirsatts mds saallsr dierelors sy ngdpYosgEPage Witksiuht
64, or 2.65A, while the preferred enbodi nent of 'the
sacHiiRErptertinpebilithn has a break down vol tage at - poi nt
66, or 2.90A. The results are shown i'n table 1 _
[003ABLE AkhBiidiGhe Mededt BodticBM¥hdRMdvantages have been described in detail, it
- should be understood that various changes, substitutions and alte’r’aﬁons can be made herein
without departing from the spirit and scope of the invention as definied by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the pai'ticular
embodiments of the process, machine, manufacture, and cdmp__osiﬁon of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
ﬁ‘uijl the disclosure.of the present invention, prdcesses,' machines, manufacture, compositions of
~ malter, means, methods, or steps, presently existing or later to be developed, that perform
'_ 'substantially the same function or achieve substanitially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,

the appended claims are intended to include within their scope such processes, machines,

mianufacture, compositions of matter, means, methods, or steps.
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2. 5kV100V Present Invention2.9A4. 0kV225V It is noted
that besides the 112 breakdown vol tage i nprovenent,
t he hi ghest voltage sustained is  also inproved
significantly. In human body node (BBM, the highest
voltage is increased to 12 4. GV for the present
i nvention from 2.5kV for the conventional GGNMOS. In
machi ne node (MW, the highest voltage is increased
to 225V for the present invention from|QOOV for the
WHeANSaITtATMED ISSGNMOS. [ 00361 The present invention
. provides a novel structure and nethod to inprove the
1. uniA effiddniiuddér stustabSlecBYstmkdifgarkd frofebtiord doalpsikiagor S
- turn on nore uniforny, the ESD protection circurt is
- madeuipaae; efficient. This in turn inproves the
breakdown current and. voltages, and the GGNMOS can
-be ardeicsi®de er therefore saving- | ayout space wit hout
sacrificing protection ability. [00371 Although the

pr a%&a&eﬂeg%ﬁ@ﬁw&am@glbﬁ&eﬁ RiAQBs-Rave been
‘described in detail, it shoul"d be undérstood that

vag b RiAdine HeRYaSvel §€Jﬁ§fc’s El‘é&ﬁ@:ﬂér C?Gﬁeﬂottfé'sﬁhfcg O34 &80 r&?ons;

nade hereln wi t hout departin ron1the spirit and

SC %@reﬂlfthé Grabif Ve Hrde ?&cf;‘{g)egiﬁg tPi Q%Stra%tgaglx?:%mgﬁgal layout in

cl ai ns. reover, the ope o

‘the SRRL LS Ijaﬁqeéeﬁlﬁb% intended to be linited to the

particu ments of the process machi ne,

t |t thd.
ang%é$%%§g gggwgbédﬁﬁﬁgffgggpe0| |ca W%ﬁ ’%@éongeofo S

ordinary skill inthe art-will readily appreciate

2. The semiconductor structure of claim 1 wherein the plurality of first level oijenings

- comprises at least two first level openings on the source side.

3. The semiconductor structure of claim 1 wherein the plurality of first level openings has a

width between about 0.05um to about 0.5pm.

4. The semiconductor structure of claim 1 further comprising a p-well pick-up region

“coupled between the gate electrode and a gréuud potential. |

5. . The semconductor structure of claim 1 further compnsmg an n-well pick-up region

coupled between the gate electrode and a ground potential.

. 6. . The semico'nductér, structuie of claim 1 wherein the gate electrode is coupled to ground

.potentials through pick-up regions at two ends.

14




fromthe disclosure-of the present invention,
processes, machi nes, manufacture, conpositions of
matter, means, nethods, or steps, presently existing
or later to be devel oped, that perform substantially
the sane function or achieve substantially the sane
result as the corresponding enbodi nents descri bed
herein may be utilized according to the present
i nvention. Accordingly, the appended clains are
7.1 Nt Geeénitohdubit} H46herY dfdiakin f WblefeirSi6O PR SleG bde has a gate length of
processes,' machi nes, manufacture, conpositions of
auﬁﬁmﬁﬂnnﬁEQMﬁogﬂﬁthods or steps. 13 WHAT IS CLAI MED
I'S: 1. A sem conductor structure for electrostatic
di scharge protection conprising: a substrate; a gate

ele rode; source_regqi a ain re

B gverts F%Wﬂﬁ&c AT il =i o i oy Upqogt el widt of

| nin Sh e ically coupled to the source and drain
ﬂ?@é’ 8 ‘ﬁﬁ@?@ln the plurality of first |evel

openings have a substantially asymetrical |ayout in

the source and drain regions; and wherein the first

- 9.1 ev@he specindygoatractinelof eldinng theremrthkigid ol€ctiotd 1 ia ghts width of

2. The sem conductor structure of claiml wherein the

‘abqituD@hitd yboaf 60pint. St | evel openi ngs conpri ses at | east
two first | evel openings on the source side. 3. The
sem conductor structure of claiml mherein t he

10P! uﬁ-ﬁé ée‘iﬁico?iﬁuéui)rrsﬁ{lcth:% 4 !:Iaﬁp Fﬁmﬂgr compnsmg a plurality of second level

_ openings electrically coupled to the plurality of first level openings on the drain side wherein the
plurality of first level openings and the plurality of second level openings have a substantially
él_symmetrical layout on the drain side, and wherein the second level openings are filled with

.conductive materials.

11. . The semiconductor structure of claim 10 wherein the second level openings have a width

of between about 0.05pum dnd about 0.5um.

12. . The semiconductor structure of claim lrﬂ-rwherei.n the second level openings comprise at-

least three second level openings on the drain side.
13. The semiconductor structure of claim 1 wherein fhe first level openings are via openings.

- 14, The semicond_uctof structure of claini 1 wherein the source and drain regions are w1t11m X

', . anactive region in the substrate.
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wi dt h between about 0.05.un to about 0.5m 4. The
sem conductor structure of claim| farther conprising
a p-well pick-up region -coupled between the gate
el ectrode and a ground potential. 5. . The
sem conductor structure of claim1 further conprising
an n-well pick-up region coupled between the gate
el ectrode and a ground potential. 6. The sem conduct or
. stricture of claiml wherein the gate electrode is
15c oufihesknticongnaorsttugat efitihial Bt wherein ¢ie apfickegipn hasgilemgth of about
at two ends. 7:° The sem conductor structure of claiml
ipwheriejun. t he gate el ectrode has a gate l'ength of about
. 0.06mto about 0.4m 8. The sem conductor structure of
‘clain11 wherein the gate el ectrode has a gate wi dt h of

abo

6st r 3?:1 s Og]tdea?&l}rr%&%@mfwg?% %5 %ﬁ%ﬁ%%ygg e i(;fs aﬁ%n aofzalbout
-lﬁﬁt mndth of about 10m to about 60m 10 The

Rir#8hduct or structure of claim| further conpri sing

a plurality of second | evel openings electrically
~coupled to the plurality of first |evel openings on

17t he The sdmicandueionstractare of ¢lpiar 1{ovhgreip theyactve regionshasaKjdih of about
- openings and the plurality of second |evel openings

10have 180wubst anti al |y asynmmetrical |ayout on the drain
- side, and wherein the second | evel openings are filled
wth .conductive materials. 11. . The sem conductor

1St r ‘iﬁ& wnﬁc&lﬁu&m&mt&@ oIS P hn BRGORR régyrﬂhas a width of about
openi ngs have a w

10pm to 30pum.
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of between about 0.0Spm and about 0.5m 12.. The
sem conductor structure of claim 10. wherein the
second | evel openings conprise at |east three second
| evel openings on the drain side. 13. The
sem conductor structure of claim| wherein the first
| evel openings are via openings. 14. The sem conduct or
structure of claim.1l wherein the source and drain
regions are within an active region in the substrate.
19.15 ASemitheinsenit@onifot dectbhtcdisiharge braddibitdrpiigr ei n
the active region has a |length of about 1Imto 10}!m
16. a sib&raseM conduct or structure of claim 15 wherein
the active region has a length of about Imto 3m 17.
Thes sddje@oayictor. structure of claim 14 wherein the
active region has a width of about 10in to i00n. 18.

The, Rk eAUGH 8 tradi fepich W12ty e alvakdd, Wherein the
acti-ve region has a wdth of about- 1I0mto 30m. 16 19.

A seina RO ElPleva bl gdlefockRANELRE IS M@E&Ece%ggpﬁ{% jons and |

- protecti on conprising:” a substrate; a gateée el ectrode;
hgving a substantially asymmetrical layout in the source and drain regions;

- wherein the plurality of first level openings comprises at least three first level openings

~on the drain side; and

wherein the first level openings are filled with conductive materials.

. .20.  The semiconductor structure of claim 19 wherein the plurality of first level openings

compirises af lgast two first level openings on the source side.

21. " The serniconductor structure of claim 19 wherein the plurality of first level openings have

‘a width of between about 0.05pm and about 0.5um. -

2. “The semiconductor structure of claim 19 wherein the gate electiode is electricaily

coupled to ground pdtentials through pick-up regions.

23, ~ The semiconductor structure of claim 19 wherein the gate electrode is coupled to ground

potentials through pick-up regions af two ends.

24, ‘The semiconductor structure of claim: 19 wherein the plurality of first level openings are

via openings filled with conductive materials.
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a source region and a drain region overlying the
substrate; a plurality of first |evel openings
el ectrically coupled to the source and drain regions
and having a substantially asymretrical [ayout in the
source and drain regions; wherein the plurality of
first |level openings conprises at |least three first
| evel openings on the drain side; and wherein the
first level openings are filled with conductive
25natl%ﬂsmmmommm3ﬁsﬁmﬁsn$édMEmhwﬁnﬂmﬂuxnpnmngH@Euﬂﬁyﬁﬂﬁuﬁmimvd
19 wherein the plurality of first |evel openings
-openinyp elesteisalytcoligiad to thavfirst fewd topbiivsl onaledrainGilc Grhetelttthe second
source side. .21. The sem conductor structure of claim
1eva=19)pmﬂnagsamﬁmmw1m etondhdtivy naferfils @id WiRyeh the Fen uenzglsopeﬂﬁ%- and the
. a width of between about 0.05m and about 0.5m " .
 secohle s Ohahid biatd subktantily beynfiethitaRiaFodQnwhed:ginRidehe
- gate electrode is electrically coupled to ground
potentials through pick up regions. 23. The

265 TR £ 6 S BB 5 S s
B 45 BB e, T ST

| evel openings are via openings filled with
conductive materials. 17 -25. The sem conduct or

27.st rTstsemisonductor struriur® off alaithidsrwisosip the phung)ita o Pdetwmall iévtey openings
of second | evel -openings electrically coupled to the

. confiyirisstat leestélhremmm&igsel opetinps od it dnaisside. wher ein the

second
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| evel openings are filled with conductive materials,
and wherein the first | evel openings and the second
| evel openings have a substantially asymetrica
| ayout on the drain side 26. The sem conduct or _
structure of claim25 wherein the plurality of second
| evel openings have a width of between about 0.05m
and about 0.5m 27. The sem conductor structure of
claim25 wherein the plurality of second | evel
2% pend prgsiconslptpr jtsietredbr ¢leasbiatitidisthage panettibe ¥@hprising:
openi ngs on the drain side. 18 28. A sem conductor
st r vcubsteatef or el ectrostati c di scharge protection
conprising: a substrate; a gate electrode; a source:
r egiagmateiattradgdr ai n regi on overlying the substrate; a
plurality of first |evel openings electrically coupled
t 0 tavemsothgim and d dehirbdefioh @9ErDM; the ¥idBERE:N t he nunber -
of first level openings on the drain side is nore than
t he amplurhiéy oOfirst kevdl Spenig @lec@RBNB RAHO D hd SourSAHY ﬁlﬁn regions;
11le

side; and wherein the first |evel openings are f

Wi t hemioiie hiBor BRHSE leddi Dpedhs ohe: GSHIsRe Edeﬂfr(e 1 the number of
structure of claim28 further conprising a plurality

firsflewesathek 6Y 8l so@ReRiNgs: el ectrically coupled to the
first |level openings on the drain side wherein the

i1 stheteBMBE first RPQ @F%s%@ﬁlﬁ&%%%ﬁ%&b@%ﬁéen@ eni ngs
have ‘a substantially asymetrica ayout on e drain
si de, and wherein the second | evel openings are filled

mﬁtq,conductive mat eri al s, ‘ -
29 he sen;uconductor structure of clamm 28 further comprising a plurality of second level

. openings electrically coupled to the first level openings on the drain side whereiﬁ-ﬁle first level
_ 'openings and the second level -ppenings have a substantially asymmetrical laydut on the drain

side, and wherein the second level openings are filled with conductive materials,

+ 30.  The semiconductor structure of claim 28 wherein the pluraliiy of second level vias has a

* width of between about 0.05pum and about 0.5um.

31.  The semiconductor structure of claim 28 wherein the plurality of second level openings

comprises at least three second level openings on the drain side.

32.  The semiconductor structure of claim 28 wherein the first level dpeniugs are via openings.
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30. The semni conductor structure of claim 28 wherein’

the plurality of second |evel vial has a wdth of

bet ween about 0.05m and about O Spm 3.1. The

sem conductor structure of claim 28 wherein the
“plurality of second | evel openings conprises at |east
~ three second | evel openings on the drain side 32. The

sem conductor structure of claim28 wherein the first

| evel openings are via openings. 33. A sem conductor
3%t 1 ubtsemisorfdgrionstexcturedot eltitmseiisdibehiage ppnation tingising:

conprising: a substrate; a dielectric on the

subst substerie;a gate el ectrode on the dielectric; a

source region and a drain region overlying the

subsad dielb@rinvethe isubstrite sour ce and drain . regi ons have a

first end and a second end; a plurality-of drain side
- contagie tatrgde anthpliedetio; t he drain region; a plurality

of source side contact plugs coupled to the source
- I egiDddirce egidnlal aliLutlegioR badriytpiht QfbsitAe WhiGeifl R Bush 481 drain

contact plugs; a first group of first |level vias on
reiriogs BHvaafird batPardQupdopd eh® the first level metal

wherein the first group of first |evel vias conprises

one APIurdlYy Of HaBdSideBoSOM phifds cSIpiS tHBleraif ed to the
source side contact plugs -and to a ground potenti a

a graphRaly of QIHFERidS olRacY pRgs &%&h%@mkgo&&em guirce si de

netal wherei n the -group of source e via conprlses

ONe QfrstTeEm¥talouRAPH toMREEGIn b ideREnthdi Hhlps 9T OU P of -first

| evel vias has a
a first group of first level vias on the drain side coupled to the first level metal wherein

the first group of first level vias comprises one or more vias;

a source side metal coupled to the source side contact plugs and to a ground potential;

and

a group of source side vias coupled to the source side metal whersin the group of source

side vias comprises one or more vias and wherein the first group of first level vias hasa

substantially asymme.ﬁical layout with the group of source side vias.

34.  The semiconductor structure of ci?im 32 _Whereiﬁ the first group of first lével vias is at the
first end of the drain region and the group of source side vias is at the second end of the source

region.

' 35 The semiconductor structure of claim 32 further comprising a second group of first level

Yias Whe'rein the first group of ﬁ:st‘:le‘vel vias is at the first end of the drain region, and the
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substantially asymretrical l.ayout with the group of
source side vias. 34. The sem conductor structure of
clai m32 wherein the first group of first level via
is at the first end of the drain, region and the
group of source side vias is at the second end of the
source region. 35. The sem conductor structure of
claim32 further conprising a second group of first

| evel arias wherein the first group of first |evel
swdoad grouis offirst 1! fiks Bt thadecohid i tieairdin F@@inQRd ﬂ@l(rjgéodpm@ source
second group of first level vias is at the secon

st viab & aflthainfiddie gl tadisoard rédien.gr oup of source side vi al
is at the nmiddle of the source region. 36. The

sem conductor structure of claim32 further

| ed he fi
S8 ounoefop et 0 FL il S bbby oup of
d | I f J I
coupt SeoiiCichatel S o e Afibur o FET e g spgheroup of

Sﬁ3ﬂ$%d | evel .vias conprises one or nore vias. 37. The
SO CE (iR structure of claim32 wherein the group

of source |de S.iS led to. doped wel |, region
sher LR ofechp Ly itsicoplg ovihs seccellexl el Wisarin therteup of

%ﬁ ﬂ%lng of a p- well pick-up region and an n-well
Sg5P ViR BRTRTSIHEC SEPEOHuct or structure of claim 37

wherein the doped-well region is grounded. 21

37.  The semiconductor structure of claim 32 wherein the group of éoufce side vias is coupled
toa doped—well region wherein the doped-weil region is selected from a greup consisting of a p-

well pick-up region and an n-well pick-up fegiou

'38.  The semiconductor structure of claim 37 wherein the doped-well region is grounded.
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